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rec eipt of the approval of the — to t h e drawing and 
receipt of a Notice of Allowance, t h e proposed drawino. 
erections will b e effected in accordance wit h present 

practice. . . . ^ 

En try of the preliminary agents and examination 



n 



the application is respectfully requests 

To the extent necessary, applicant's petition for an 

shorts in the fees due in connection with the film, of 



3 



paper, inducing extension of time fees, to Deposit Aocount 
„o. 01-2135 (503.37677X00) and please credit any excess fees 

to such deposit account. 

Respectfully submitted, 



Melvin Kraus 
Rpaistration No. 22,466 

aS?oSeLLI, TERRY, STOUT & KRAUS , LLP 



MK/DRA/cee 
Attachment (s) 
(703) 312-6600 



4 



" Ik. ■ L * ..-»'' 
■ - — ... 

TITLE OF THE INVENTION 

DISPLAY APPARATUS 



BACKGROUND OF THE INVE^IOM _ ^ J, |, ,, r ^«- * 

In or ^rCoK.'i» ftUpi* «•««*«»• displaY 

apparatuj, various ,^«^,r JT^ 

formed efface o f t J di»P W A^;'" 

f i -tion f ilm&as formers disclosed 
anti-static anti-reflation txx ^ ^ _v 

„ ,,ar^ fl992). Furthermore fA a wavelength 
in JP-A-4-334853 (199^)- ^ af jAJ^n 

ion fil^ which^sor^sideUds of 



0 selective absorptio 



emission spectrum selectively^ adding coljri-J-^J, 
for im P roving>or ° £ - e - itter ' 



, • ,P A 4-144733 (1992), because the emission 
disclosed ip JP-A-4 lit/ \ ^ 

. onRGB emission of (th^Braun tube fwas) wide and/ 
spectrum of>RGB emis^ ^ 

15 bleeding ofyfcolor was generate^. 

one of the anti-statiC) anti-reflection fx!- - 

£ormed by laminating oxide thin films having j^^fST* 

. ... ;„ order tojfmake iti have, an 
refractive index^each other, in order fl_ ^ ( t 

anti-reflection effect by optical interference, and^ „ 

_ inl „ form ed by iaminating a sio, f ilmfi^upper laye^, 

v Because 



20 ma 



an IT 0 (ino added with sn) film flower layer 
IT0 is a conductive film, the anti-reflection film rtself 
nas an anti-static effect. Not only S he„ anti-stat rc 
ef feet iut also an electromagnetic shielding functron rs 

, for the surface treatment film of C the)Braun tube. 

25 required for tne faui. x-a 

-, B „th elective absorption films is 
One of the wavelength seiectiv 

forced by adding a reddish violet group coloring^aterial 
into a thin film, in order to absorb side bands of, emission 
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^ P,nrt a Braun tube having a high 

pectrum of green and red and a Bra 

.ontrk'Btfisjprovided^ToshibaRoviev,, vul. 45, No. 1-, 



(1990) ) 



SUMMARY OF THE INVENTION 

The present invention relates to a display apparatus , 
particularly to a surface treating filmfef ^display 
apparatus-sucnasTBrauntuce, plasma display, 

- v ^Jntan "definition display apparatus, 
for [making thejhrgh detin ^ ^ 

However, the priol/grt] described above fere} J* T 
insufficient for deveiopment of ( high definition Brauntube. 
conventionally, a high definition Braun tube, & hereonp 
surface treatment film having a low reflection, a low 
resistance, and a wavelength selective absorptionef feet, 

16 has not been developed, yet. JE^^E 1 ^ 00 """' 
of (thewaun tube, an anti-ref lection^haracteristicg rs 
required, wherein the reflectance is controlled by 

laminating films ^^^7S^^^^^*^l 
coloring material* ^Sferent refractive indexes, each 

other. .It is well Known ^^1^°°^ 
is^add'etthe refractive indexes varied in the absorption 
wavelength region of the coloring material. When .thej 
anti-reflection is realized by.optical interference 
effect, the optica! interference effect is undesirably 
25 influenced, because the refractive index is varied by an 

• nf i-ho refractive index of the coloring 
abnormal dispersion of the retrace 

material. Therefore ^refractive index curve does not 
become fiat, but^ate^aviness and an abnormal region 



to increase the refractive index and so on, and; the 

- ■ r ^ :i m deteriorated- 
performance as ithejyant i-retlect » ..Ira - 

in consideration covariation in reflectance when 
the coloring material is added, when coloring materials 

5 of red, blue, and green are added, the refractive index 
is changed in respective"^ the absorption region^ such 
as^creasing'fonceT in accordance with. decreasing* the 
wavelength, and subsequently decreasing. Therefore, a 
relationship between the refractive indexes of^the upper 

10 la yer and that of the lower layer are inverted, each other, 

^ i ~-f fhP refractive indexes[become)dxf f icult . 
and^the control of the rerracuxv v_ j 

Whenfth^coloring material is added to the laminated films, 

the refractive index curve is varied depending on whether 

the coloring material is added to the upper layerQor the 

t-hp reflectance can be 
15 lower layer. Accordingly, the reri ^ 

decreased in a specified region by using /change of 
refractive index of the coloring material, but in the 
region wherein the refractive index is inverted, the 
refractive index is increased because the refractive 
20 indexes of the films of the upper layer and the lower layer 
are inverted jeach other. 

-n- *->i^ refractive index of the 
However, as a result, the retrace 

■™ "f ^ 1 1 ~r- rhan the hiqh refractive index 
film is decreased^smaller than tgg ^gj^ ^ 

of the original oxide f ilm(by addin^the coloring materxal, 
2 , because the refractive index of the oxide and the 

refractive index of the coloring material are averaged. 
Accorfing^ifche reflectance curve, the valujat^he 
bottom is increased, because the difference fr^the 



refractive indexes of the upper and lower layers is 
decreased . 

Furthermore, a low .resistance film is necessary for 
|the>raun tube, because jfunctions of anti-static and 
5 electromagnetic shielding are required f orjfchejBraun tube. 
ITO is used most widely at present. However, if §hej* 

- ic AHded the resistance of the ITO is 

coloring material is added, tne s. ^ ,- H ^^j^ 

increased. The resistance tends to increase/finverselyj to 



the requirement follow resistance, because the 
10 concentration of the coloring material tends to increase 
in order to enhance the wavelength selective absorption 

effect . 

The object of the present invention is to provide 
a display apparatus (f orme^surf ace treatment film having 
15 a low reflection, low resistance, and^wavelength selective 

absorption effect. t $ c ^ , j 4 

in order to achieve the* febove; object , the present 
invention (is characterized in tliat thej.display apparatus 
(of the present invention is provided! with a surface 
treatment film having a luminous transmittance equal to 
or less than 85 %, a luminous reflectance equal to orless 
than 2 %, and a flattened reflectance curve, To f); which 
absolute values of differential values are equal to or 
less than 2. Furthermore, the present invention is ^ 
characterized in that the surface treatment film has, 
selective absorption at approximately 450 nm, 570 nm, and 
650 nm, and a sheet resistance equal to or less than 10000 

Q /□ . 
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(The>high definition display apparatus having a 
wavelength selective absorption anti-reflective anti- 
static film Vof) the present invent ion ; comprises f film ^ 
laminated with at least thrJ^layers (o ^protective filing 
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conductive film, and ^absorption £ilm ; on; surface of^ the 
display plane, and the laminated film is composed jo f)that 
the conductive film is arranged at a position closer to 
the surface of the display plane than the absorption film 
& on^nin|crroring material. The laminated film has a 
luminous transmittance equal to or less than 85 %, a 
luminous reflectance equal to or less than 2 %, a flattened 
reflectance curve, and a resistance equal to or less than 
10000 Q /□ . The conductive film is composed of at least 
one (of metal^elected from the group consisting of Ag, 
Pd, Pt, cu, Cr, and Au. Furthermore, any one of ATOjSnO, 
added with antimony) and ITO, which are conduct ive^oxidf, 
can be used. The absorption film containing coloring 
material is composed of at least one of dyes and pigments 
selected from the group consisting of dyes and pigments 
having an absorption at 450 nm, dyes and pigments having 
an absorption at 570 nm, and dyes and pigments having an 
absorption at 650 nm. 

A 

frhe>high definition display apparatus having a 
wavelength selective absorption anti-ref lective ; anti- 
static film [of^ the present invention, comprises a fi 
laminated wit ^protective film, conductive film, and A 
absorption film, on^surf ace of the display plane; the 
laminated film is gpmposed so>hat a first layer from the 
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surface of the display plane is the protective film made 
of mainly SiG 2 , a second layer, is the conductive film 
composed of at least onefcf metals) selected from the group _ 
consisting of Ag, Pd, Pt, Cu, and Cr, and a third (film}^ 
is the absorption film containing coloring material; and) 
the laminated film has a luminous transmittance equal to 
or less than 85 %, a luminous reflectance equal to or less 
than 2 %, a flattened reflectance curve, and a resistance 
equal to or less than 10000 Q/O. Furthermore, the 
laminated film has an absorption equal to or less than 
75 % at approximately 450 nm, an absorption equal to or 
less than 65 % at approximately 570 nm, and an absorption^ ^ 
equal to or less than 75 % at approximately 650 nm;/» a 
luminous reflectance equal to or less than 1 %, a flattened 

c rooki-anre eaual to or less than 
reflectance curve, and a resistance equax 

10000 Q/D. 

in accordance with the present invention, a 
wavelength selective absorption anti-reflective ^anti- ^ 
static film is utilized for .display apparatus^ such as A 
Braun^tubes), plasma^isplaysj and so on. % 

The protective film is made of mainly SiO^and^imed),*-- 

*k» _ 
(at maintaining] the strength of^laminated surf. 

treatment film. The conductive film is made of metal or 
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a conductive oxide for anti-static an£ electromagnet ^ 
shielding. Reflection is prevented by/two layers (ofjthe 
protective film and the conductive film. The absorption 
film contains^coloring material, and its function is to 
absorb/ wavelength selectively. 
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When coloring material is added, the refractive 
index of the film is varied depending on the absorption 
of^wavelength by the coloring material. Therefore, if 
the^ reflection is prevented by an interference effect of 
light, the interference effect of light is influenced by 
variation of the refractive index. It is difficult to 
flatten the reflectance curve by decreasing the variation 
of the refractive index. In particular, if a large amount 
of the coloring material is added in order to increase 
the wavelength selective absorption effect , the variation 
of the refractive index in the absorption region (isj^ 
remarkable. ^The reflectance of the anti-reflection film 
is expressed as a luminous reflectance, which is an area 
of the curve obtained by multiplying the reflectance of 
the film in a visible light region of 380 nm-780 nm with 
the luminous sensitivities of the respective wavelengths . 
The luminous sensitivity is 1.0 at 555 nm. ^^^J 
sensitivity is decreased as the wavelength (takes distance^ 
from 555 nm, which is regarded as a standard, (i^both sides, 
and the luminous sensitivity becomes zero at 380 nm and 
780 nm.f? Because the luminous reflectance is a product 
of the luminous sensitivity andfhe reflectance curve, 
the value/'Jt 555 nm is small, */it becomes small only if 
the reflectance curve is flat, and not a^U-shaped curve, 
but approximately a straight line. If, change of the 
refractive index is increased by addition of A coloring 
material, the reflectance curve does not become flat, and 
the luminous reflectance can not be decreased. In 
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particular, when a red group coloring material is added, 
its absorption wavelength is in the range of 540-590 nm 
having a high luminous sensitivity, andjinf luence of the 
change in the refractive index (t6)the luminous reflectance 
is remarkable, fes explained above, it is difficult to 
decrease the luminous reflectance by forming the 
wavelength selective absorption anti-reflection film by 

adding/coloring material^. 

C'r^ereforeT^iTordeTto form an anti-reflection film 
having wavelength selective absorption characteristics 
by adding coloring material, the composition of the 
present invention is necessary . ^The ant ^reflection 
characteristics can be obtained by utilizingjinterf erence 
effect of light generated by laminating films having 
different refractive indexesjeach other. As the^umber 
of laminated layers is increased, the intensity of flight 
is decreased as A the film comes close to/bottom. Therefore, 
the reflecta^curve can beJlaQened ^arrang^ng the 
filmladdedVith^coloring material; at [a lower) position in 
the layers, asj'possible, because; contribution of the film 
&dded) with, colling material to the anti-reflection can 
be decreased. # Furthermore, reflection of extraneous 
light can be increased by using a film having a high 
reflectance. such as/metallic film. Accordingly, if a 
metallic film \s arranged at a position /uppe^ than the 
film padded) with^coloring material, the intensity of 
extraneous light '^ache^the f ilmjaddediwith the;coloring 
material is decreased. As jthej,result, the contribution 



of the film to the anti-reflection effect can be decreased, 
and both the effects of wavelength selective absorption 
fcharacteristics>nd£he: anti-reflection can be obtained 
with^small number of laminated layers. 
5 ' Here, the number of laminated layers means ^least 

• f D H l.vprs In view of manufacturing,, the 
three laminated layers, in vj.«= t 

number of laminated layers^as small as possxble ^SJ 
fdesirable). Manufacturing the wavelength selective 
absorption anti-reflection film with ft small /number of 
10 laminated layers as possible can be achieved bousing a 
filmhavinganextremelylarge^y^veindex. The film 

Padded Steering material generates] a change in ^ 
refractive index in the absorption wavelength region and A 
decrease in the ant i-rjf lection effect. However, when 
15 the film.addedjwithfcoloring material is arranged at a 
position lower than a high reflection layer, the 
intensity of^eflected light at the boundary of the film 
^ddedjwit^coToring material is decreased remarkably , and 
the contribution to the interference of light can be 
20 decreased. Jhen], in accordance with the present 

invention, a metallic film such as Ag, Pd, Pt. Cr, Cu, 
and Au was used as the high reflection film. The metallic 
film has a small resistance^ and operates as an 
electromagnetic shielding film. The reflytancj^is^ 
25 large, the intensity of extraneous light [reached the}f ilm 
iower than the metallic film is small, and it is scarcely 
necessary to worry aboufiight resistance of the coloring 
material for the wavelength selective absorption film. 
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Generally, cclorin, material is decomposed by ultravioiet 
7'f ay: , and the liqht resistance is weak. Conventionally, 
' pigment group coloring materials having a strong light 
resistance as a coloring material, but undesirable 
absorption characteristics, have been used as the 
coloring material. However, in accordance with the 
composition of the present invention, dye group coloring 
materials having jajdesirable absorption Q0acter^cs , 
but weak light resistance, can be used, fand> high 
performance display apparatus having fa) preferable 
wavelength selective absorption characteristics can be 



manufactured 
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BRIEF DESCRIPTION OF THE DRAWINGS ^ 

FIG. 1 is a partial cutaway side view of jthe>Braun 

tube relating to ItheCmbodiment o| present invent ion^; 
FIG. 2 is, &ri] observed results of reflectance and 

~~ ~ . 4-,,v- 0 rp i at ina to the embodiment 

transmittancesof thejBraun tube relating 

of the present invent ionf,]j ^^^Jz^ 

FIG. 3 is a partial cutawa£feide>view of the plasma 
display relating to the embodiment of the present 



invention^ j 

FIG. 4 is a [schematic] cross section indicating the 
composition of the surface treatment film relating to the 

25 embodiment of the present invention^; 

- *-;^~ rn ccL cprtion indicating the 

FIG. 5 is a 'schematics cross section 

composition of the surface treatment film relating to the 
embodiment of the present invention^ 



FIG. 6 is a ^hematic] cross section indicating the 
composition of the surface treatment f ,1m relating to the 
comparative example of the present invention^ and 

FIG. 7 is a Schematic) cross section indicating the 
5 composition of the surface treatment film relating to the 
comparative example of the present invention. 

tuxpmtq op the present invention 

PREFERRED EMBODIMENTS OF IHfc. 
(Embodiment 1) 

4- thpnresent invention, an example 
in As an embodiment of the present xn 

of rmanufacturinol a Braun tube gomposing^the display 
apparatus (Is^explained^ hereinafter}. JjU-t^ 

F IG. 1 is a partially cutaway side view/indicatxng) 
a Braun tube 1 fof W -bod iment of the present xnvent.cn. 
« FIG. 2 is a graph indicating an observed result relatrng 
to the relationship between each o£ a reflectance 
(indicated by the curve 13 in the figure) and a 
transmittance (indicated by the curve 14 in the "a££jjb 

film nf the Braun tube with ^ 
of the surface treatment film ot tne n 

2 „ wavelength of light in the present embodiment. *Th. high 
definition Braun tube 1 comprises a housing 2 made of glass , 
of whici^nterior is evacuated.. TJ-J^i' " SSS 
a necK 3. a funnel portion 4 E 'ontinued>f r_ X thej.ecK 3, 
and a face plate 5 sealed by fr^glass. ^peripheral 
25 side wall ot the face plate 5,£s wound wit S a metallic 
tension bano^f or anti-explosion, ^electron gun 7 for 
discnarging7electron beam is arranged^ the necR 3. A 
piurality of fluorescent members (generally fluorescent 
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layers of three colors such as red, green, and blue/applied 
in a dotted pattern or a stripe pattern)^ and a fluorescent 
screen 8, which is composed of black absorbing layers in 
a dotted pattern or a stripe pattern arranged between each 
of the fluorescent layers, are provided at/ inner surface 



of the face plate 5. 

A CRT display apparatus (a cathode ray tube display 
apparatus) is jcomjW^by connecting the Braun tube 1 to 
display control circuits, such asfa) horizontal and vertical 
10 deflectio'n^cTircuifi, power source circuits, and the like. 
That is, in accordance with the/cathode ray tube display 
apparatus, /scanning'^ electrons;, which are accelerated 
by the cathode voltage of the electron gun 7 of the cathode 
ray tube, is performed by jf lowing iawVooth current [pf>^ 
15 horizontal cycles and ; sawtooth currentfof/ vertical c Y^ es ' 
respectively, to coils arranged in the vicinity of fa)jpath 
of the electrogram] from each of horizontal and vertical 
deflection circuits, and image displaying is performed by 
A^^J^^^ m Tne scanni ng liZ^by the accelerated 
20 fele^^ns]K are projected fto)ja lu^inesgept screen 8 via A 
shadow [masksjjwhichilare} not (indicated^ in the figure. 

One of the feature of the present embodiment is that 
a wavelength selective absorption anti-ref lective ; 
anti-static film 12 is Provided (at>/ outer surface of the 
25 face plate 5 of the Braun tube 1^. 1 / \C. . I (JO 

A method ffof{preparing the wavelength selective 



is- 



absorption anti-ref lective ; anti-static film 12 (isj< 
ex P la?n^ler^nafte§. A coating solution, which was 
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prepared by adding a rhodamine group coloring material, as 
a reddish violet group coloring material, Cu 
phthalocyanine^asl blue group coloring material, and a 
yellow group coloring material to silica sol, was coated 
5 onto the, surface of the Braun tube by r a )spin coating jby>* 
160 rpm, and, dried at 60 °C for 5 minutes to form a Si0 2 
film/containing/coloring materialman thejace plate 5. 
The composition of |t he}* solution [is^f as follows: 
Si0 2 : 2 wt.%, sulforhodamine B: 0.05 wt . % , Cu 
10 phthalocyanine: 0.06 wt.%, ethanol: 20 wt. %, sodium 
fluoresein: 0.02 wt.%, water: 10 wt.%, and propanol: 
residual • 

Then, a fine particle Ag-Pd dispersion lij[ uid was 
applied by a spin coating method [-withy 160 rpm[,)/dried at 
15 60 °C for 5 minutes, to laminate an Ag-Pd film 10 onto the 
Si0 2 film^containing^coloringmaterial(9). l inall y' ^) ica 
sol was applied by a spin coating method^ith}jl60 rpm^dried 
at 60 °C for 5 minutes , to form a Si0 2 film 11. 

Subsequently,^. the wavelength selective abgcjption 
20 anti-reflective , anti-static film 12 was fcrepared^on the 
face plate 5 by heating the laminated f iln>s to 160 "C with 

a velocity of 20 "C/min., heat-treating jat 160 for 15 

-mis** 

minutes, and cooling;to room temperature with a velocity 
of 20 °C/min. 

25 As fch^result, the surface resistance of the 

manufactured wavelength selective absorption anti- 
reflective , anti-static film 12 was 350 Q/D, and Teach) 
(o f)the transmittance and the ref lectancejwas]yas indicated 
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/ ^ f. 



by ^respective ofj the curve 13 and the curve 14;in FI 



G. 2 . 



A selective absorption film havingjltransmittance of 75 % 
at 450 nm, 59 % at 570 nm, and 85 % at 650 nm, was obtained. 
TLuminou^transmittance of the film was approximately 85 «. 
5 A Braun tube having a reflectance of 5.8 % at maximum in 
the visible light region, 0.36 *jjt ^minimum with 555 nm, 
and a flat reflecting (characteristics could be JA 

The luminous reflectance of the film was 

4f 



manufactured 



0.85 % 



Absolute values of calculated differentials of 
10 the reflectance curve were equal to or less than 2. As 
explained above, the reflectance could be flattened, even 
if the wavelength selective absorption effect was added 
by adding coloring material. 



°15 



25 



Here, surface treatment films having various 
rcon^etSa^of the coloring material in the film were 
prepared, and their contrastjwer^calculated based on their 
RGB emission spectrum intensity and transmittance. It was 
revealed that perfect could be obtained if the luminous 
transmittance was in the range of 40-85 %. *herj, it was 
decided that the luminous transmittance should be in the 
range of 40-85 %. However, if the luminous transmittance 

^ a n [- n 3r i-h^ hriahtness is decreased, 
is in the range of 40-50 %, trie crigaui^ 

Therefore, (the/grange G f 50-85 % is;desirable. ^ ^ 

Then, films havingfdif f erent transmittance jeach 
other were preparedly varying, concentration of the 
coloring, materrallfo the absorption film and their 
(contrast/wcre calculated [byj Jthe same manner.'^ It was 
revealed that the contrast was improved whenfeach o§ the 
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transmittal at 450 nm, 570 am, and 650 nm was in the range 
of 85-40 %, 65-35%, and 90-45 %, respectively. However, 
when the values at 450 nm and 650 nm were a _^ least 75 % ' 
and the value at 570 nm was at least 40 % , ; blackness of 
5 the film was diminished, and it became difficult to 



maintainor balance. The transmittance of thecoloring 
material at each of 450 nm, 570 nm, and 650 nm gs>desirably 
in the range of 85-40 %, 65-35%, and 90-45 %, respectively, 
but pref erabl^Tn the range of 75-40 % , 65-40%, and 75-45 % 
10 at 450 nm, 570 nm, and 650 nm, respec^ively^^ 

^The ffl^aving^different thictness^h other {of)** ^ 
the protective film, conductive film, and absorption film 
were prepared. It was revealed that, if §h§, protective 
film, i.e1/si0 2 film, having a thickness equal to or 
15 less than 150 nm, ^conductive film having a thickness 
[o^ equal to or less than 50 nm, and ^absorption film 
having a thickness (of) equal to or less than 1200 nm were 
combined, the luminous reflectance became equal to or less 
than 1 %- However, the strength of the protective film 
20 is decreased when the film thickness is equal to or less 
than 40 nm, the resistance of the conductive film is 
increased when the film thickness is equal to or less than 
20 nm, and^decrease of the film strength and bleeding of 
the coloring material of the absorption film is generated, 
25 because the concentration of the coloring material is 
increased in order to obtain the designated transmittance 
when the film thickness is equal to or less than 300 nm. 
Accordingly, the protective film is desirably in the range 
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of 150-40 ran, the conductive film is desirably in the range 
of 20-50 nm, and the absorption film is desirably in the 

range of 300-1200 nm. 

An alloy of Ag-Pd was used for forming the conductive 
5 film. The conductive^ ilms having variousjrat iolof Ag-Pd 
[respectively, were prepared. The surface resistance of 
the film was scarcely changed depending on the ratio of 
Ag-Pd, but^ifference in chemical resistance was generated 
(each othe^ depending on the ratio of Ag-Pd. It was revealed 
10 that, if the ratio of Ag-Pd was in the ^ange of 6:4 - 9:1, 
the film was resistive against any oxacids and bases^such 
as HC1 and NH 4 0H . In some cases , an anti-chemical property 
of^Braun tube surface becomes a problem depending erasing) 
~ ^n^n^or^eaning operatic^. Generally, the 
15 cleaning operation is performed using water and a neutral 
cleaner, and the (using) environment is in offices or the 
like. However, in some cases, acidic or alkaline cleaners 
are used in the cleaning operation, or the Braun tube is 
used in a laboratory where various chemicals are used. The 
20 surface treatment film of the present embodiment could be 
a film whichfwasjnot restricted to any (using) environment , 
nor deteriorated by any cleaners. , ^ ^ 

The kind of the coloring materialjis notj restricted 
to the above-described materials, but any ofydyes and 
25 pigments, which have an absorption at the wavelength 
corresponding to any one of reddish violet, blue, and 
yellow, can be used. Similar results could be obtained 
by using any conductive film made of Ag, Pd, Cu, Pt, Cr, 
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or Au, in addition to Ag-Pd. ;> j 

Furthermore, the surface treatment film, such as; 
described abovi^applied to ot^er, display apparatus, 
for instance, a plasma display device^^ ^ •,>/ 

' ~~ ,~jJSS«J 



5 C The high deil^io'n plasma display manufactured in/ 

thepresent^mbodiment is cpmpos^o|a 5 s^^ur^ndxca1:edJ 
in FIG. 3 . jElectrodes for negative electrodes are formed 
on a back plane plate 15, and [furthermore,} display cells 
2 0 composed of barriers 17, auxiliary cells 18, and priming 

10 spaces 19 are formed thereon. The display cells are coated 
with fluorescent^aterials 21, 22, 23 co^pon|ir^Jo^ 
respective [of) R^r^lectrodes for positive electrode)24 
and auxiliary electrodes 25 are formed on an upper layerQ 
annealed with a front plane plate 26. £he> surface 

15 treatment film 27 fwas^ormed on the front plane Pl*tgJ26 . 

■x.- ~ ~* q „rfflce treatment film wasfas)same 
The composition of the surrace^ \,^ay^j _ / 

as that of the Braun tube [indicated^in FIG. 1. ^ ^ 
The manufactured high definition plasma displayywas 
superior in selective absorption characteristics and^ ^ 
20 reflection preventing characteristics, and, improved (in) 



visibility 



< As described above, it was revealedthat the surface 
treatment film of the present ^mbodimentj^ou Id be applied 
to^display apparatus other than, Braun tube. 
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(Embodiment 2 ) ^ ^ v _,_ J 

Next, a film,, wherein an organic resin was added to 
the SiO, film containing coloring material at the lowest 
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The method 



layers ^ndicatedjin FIG. ^ wa| ^anuf actureg. , 
A [for;, manufacturing the film ji^explained)[hereinaf te£. 
' ' " Th e Si0 2 f ilm/containing resin and coloring material 
^8) was formed on a face plate 5 by spin-coating a coating 
i Solution, prepared by adding acrylic resin and the coloring 
material into silica sol, onto'surface of a Braun tube (by] J 
160 rpm, at 60 C for 5 minutes. Then, a Ag-Pd 

film 29 was laminated onto the SiD 2 film, containing resin 
and coloring material & 8 ]by applying a Ag-Pd^f ine particles 
0 dispersion solution onto the SiQ 2 filnQspin coating [by]^ 
160 rp m ,#Sat60 °C for 5 minutes . 

film 30 was formed on the Ag-Pd film 29 by spin coating ^ 
a SiG 2 film onto the Ag-Pd film 29[by}160 rpm, and drying, ' 

at 6 0 °C for 5 minutes. 

i + i^ of thp solution prepared by adding 
The composition or me buxuua.^n ^ r 

resin and coloring material was as follows: 

Si0 2 : 2 wt.%, rhodamine B: 0.05 wt.%, ethanol: 20 

n r\a T7+- °= f^r • 1 0 wt - % , sodium 

wt.%, Cu phthalocyanme: 0.06 wt.%, water. 

rv no tt-h % arrvl ic resin: 1 wt.%, and 
fluorescexn: 0.02 wt.%, acr Y 11L 

20 propanol: residual. f 



Then?; a wavelength selective absorption^anti- 
reflective ^ anti-static film 31 was (prepared>n the face 
plate 5 by heating the laminated f^Lm to 160 V with a 
velocity of 20 Wmin . f heat-treating^at 160 C for 15 
25 minutes, and cool lUfco room temperature with a velocxty 



o 



f 2 0 C/min. 



(Embodiment 3) 
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Next, aVi^, wherein ATO fine particles (was>dded 
to the Sio. film .containing coloring material at the lowest 
layers ^dic^n FIG . £ wagjanufacfur^ The me^od 
'^orj manufacturing t^he f ilm'^explained, (hereinafter- 

The Si0 2 f ilijcontaining ATO and,,coloring material 
l32>ae formed ^on a face plate 5 by spin-coating a coating 
Uution, prepared by adding ATO f ineparticlee and the 

• - i Hrvt-n silica sol, ontojsurface of a Braun 
coloring materral xnto silica ^ 

& T? ^ n n a t 60 °C for 5 minutes. Then, 

tube [b^ 160 rpm, andjdryxng^at 60 ^ ^ 

10 a Ag-Pd film 33 was laminated onto the Si0 2 f ^containing 
AT0 and coloring material [3 i) by applying a Ag-Pd fine 
particles dispersion solution onto the Si0 2 film^ 
performing spin coating fby| 160 rpm, and drying, at 60 C 

, cin film 34 was formed on the 
for 5 minutes. Finally, a Si0 2 film 

. • _ - ci\q film onto the Ag-Pd 
15 Ag-Pd film 33 by spin coatrng a S^O, 

fii m 33 [by/l60 rpm, and drying A at 60 *C for 5 minutes. 

The composition of the solution prepared by adding 
resin and coloring material was as follows: 

Si0 2 : 2 wt.%, rhodamine B: 0.05 wt.%, ethanol: 20 

r> nfiui- %. water: 10 wt.%, sodium 
w t.%, Cu phthalocyanine: 0.06 wt.%, water 

n no wt- * ATO fine particles: 2 wt.%, and 
fluorescein: 0.02 wt.%, iJ - f 

propanol: residual. The ATO used was a commercially 
available one. and ASR-4 made by Sumitomo OsaKa Cement 

co. was used. ^ . 

Then, I a ^length selective absorptio^anti- 

reflective^ anti-static film 35 was (preparedyon the face 
plate 5 b/ heating the laminated filoyto 160 C with a 
velocity of 20 C/min., heat-treat ing ; at 160 C for 15 



on 



20 



3 



m 



inutes, and cooling /to room temperature with a velocity 



of 2 0 C/min. 



(Comparative example 1) , , 

■J ) I 



. film wherein a coloring material 

For comparison, a 111^ wlKlBi " 



10 
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was added to^he Si0 2 film at the uppermost layer^ as 
.ndic^ef In ^C. 6fc w ? p n ,anu f act.ure^ ^method fcor} 
manufacturing the f ilm; fr) explained)§erfeinaf te^ . 

The Si0 2 film 36 was formed on a face plate 5 by 
spin-coating a silica sol gating ^solution onto^ surf ace 
of a Braun tubefbyjfeo rpm, and^ryingjat 60 °C for 5 minutes . 
Then, a Ag-Pd film 37 was laminated onto the SiG 2 film 36 
by applying a Ag-Pd fine particles dispersion solution onto 
the SiG 2 film, spin coating[b|>160 rpm, and dryingjat 60 V 
for 5 minutes. Finally, a Si0 2 film 38 was formed on ^he^ 
Ag -Pd film 37 by spin, coating a SiQ 2 solution (added wit^/ 
coloring matS^to the Ag-Pd film 37^160 rpm, and ^ 
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dryingjat 60 °C for 5 minutes. 

The composition of the SiQ 2 solution jaddedj with, 

coloring material was as follows: 

SiO,: 2 wt.%, rhodamine B: 0.05 wt . % , ethanol: 20 

n (\a tt^ ^ f^r • lOwt.%, sodium 

wt.%, Cu phthalocyanme: 0.06 wt.%, water, 

n no wt- % and propanol: residual, 
fluorescexn: 0 . 0^ wt . * , an<a 
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Then!) £ wavelength selective absorptign^nti- 
reflective anti-static film 39 was jprepartdfjon the face 
plate 5 by heating the laminated fiiyo 160 C with a 

velocity of 20 C/min., heat-treating^at 160 'C for 15 

if 



m 



inutes, and coolingjto room temperature with a velocity 
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of 20 C/min. 



(Comparative example 2) , , ^^4.-i>'^ 

Furthermore, for comparison/a film/ wherein She)/ 
5 coloring material was added into the Ag-Pd film^as 

Sn^% PIC 4w f - £ ac TL « d gor^ 
manufacturing the f ilnyfis) explained^jherexnaf ter,, 

A Si0 2 film 40 was formed on a face plate 5 by 
spin-coating a silica sol gating solution onto surface 
10 of a Braun tube£y>60 rpm, anc^dry^at 60 "C for 5 minutes . 
Then, a Ag-Pd film 41 was laminated onto the Si0 2 film 40 
by applying a Ag-Pd fine particles dispersion solution 
radded>ith ^coloring material onto the SiQ 2 film, spin 
coating $y> .160 rpm, aVd,dryW,at 60 "C for 5 minutes. 
15 Finally, a SiG 2 film 42 was formed on the Ag-Pd film 41 
redded with coloring materiaj by spin coating a SiG 2 fjlm 
onto the r Ag-Pd film-added with coloring materia^ 41^160 
rpm, and;drying A at 60 °C for 5 minutes. 

The composition of the solution prepared by adding 
20 resin and coloring material was as follows: 

Ag-Pd fine particles : lwt.%, rhodamineB: 0.05wt.%, 
ethanol: 2 0 wt . % , Cu phthalocyanine : 0.0 6 wt.%, water: 10 
wt.%, sodium fluorescein: 0.02 wt.%, and propanols 



residual. - ^ 
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Then,, a wavelength selective absorption antr- 
reflective anti-static film 43 was jpreparedjpn the face 
plate 5 by heating the laminated film to 160 C with a 
velocity of 20 C/min., heat-treat ing* at 160 *C for 15 



minutes, and cooling; to room temperature with a velocity 
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f 2 0 C/min. 



° 



■1 



performance/of the Braun tube surface treatment 
films prepared in A the /embodiments ^erej/ evaluated. The 
performance evaluation was performed on transmittance, 
reflectance, surface resistance, strength, light 
resistance, and the amount of bleeding . ^Hereinafter, each 
of the performance evaluating methods j(is) briefly 
explained . 

The surface resistance was measured by a simplified^ 
surface ohm-meter (made by Ninon Yuka Co.) using a jl-pins} „ 
probe or a ^-px^probe. The reflectance and the 
transmittance were measured by a spectrophotometer (U3500 
made by Hitachi Ltd.) using an integrating sphere for 
eliminating ^ri^nf luence by random reflection. The film 
quality (surface roughness) was measured by a gross-meter 
(made by Horiba Seisakusyo Ltd. ) , and it (had been)conf irmed^ 
that the film quality of any one of the films was at least A 
gross value 98, and the influence of the random reflection 
was scarce. f However, in some cases, the ref lectance(could 
(b%d"2emed|s>high (performance) owing to some influence of 
the random reflection. Therefore, the reflectance was 
measured exactly using the integrating sphere measuring 
system • 

The film strength was measured by a eraser test. The 
film was rubbed with an eraser (5030 made by Lion Co.) with 
a load of 1 kg, and the strength was determined as the number 

r^^^ r.rocic; rhanae of the film became at 

of rubbing ^until the gross oimiiyc wj_ 
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least 10 %. 

The light resistance was determined by measuring a 
nqe in transmittance at 570 nm after irradiating the 



chang 



film with [an) ultraviolet, pW) (360 nm) of 4 mW/cm 2 for 300 



5 hours . 



The amount of bleeding was evaluated as a change in 
transmittance after forming the laminated layers^ taking 
the single layer of the film containing the coloring 
material as a standard. The transmittance at 570 nm after 
10 lamination becomes somewhat smaller than that of the single 
layer of the film containing the coloring material owing 
to the Ag-Pd film. Therefore, the measurement was 
performed on the single layer of the film containing the 
coloring material having the Ag-Pd film at its lower layer, 
15 and it was taken as the standard. The amount of bleeding 
AT was calculated by the following equation. 
AT = {(transmittance at 570 nm after 

• 4- 4- a f c; "7 n nm of i~he single layer 

lamination) -(transmittance at nm or _ y 

of the film containing the coloring 

terial)}/( transmittance at 570 nm of the single layer 



20 ma 



of the film containing the coloring material) 

The results o^perf ormance evaluation of respective 
surface treatment fil^prepared as described above are 
indicated in Table 1 . 



24 



Table 1 



10 





Surface 




Transmittance (%) 






resistance 
( Q/D) 














— 

4 50 nm 


57 0 nm 


65 0 nm 


Luminous 
trans- 
mittance 


Emb-l 1} 


350 


75 


59 


85 


85 


Emb-2 


350 


67 


47 


72 


72 


Emb-3 


350 


67 


47 


72 


72 


Com-l 2) 


4200 


65 


48 


71 


70 


Com-2 


8000000 


82 


78 


89 


86 
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Table 1 ( continued ) 







Reflectance (%) 


Eraser 
test 


Light 
res ist- 


Amount of 
bleeding 












ance A t 


A T J 


20 




5 55 nm 


luminous 
reflectance 










Emb-l 1 ' 


0.36 


0 .85 


150 


5 


20 




Emb-2 


0-32 


0.68 


200 


5 


1 




Emb-3 


0.35 


0 .78 


200 


2 


1 


25 


Com-l 2) 
Com-2 


2.3 


3.8 


50 


50 


0 




2.8 


3.7 


50 


28 


62 
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. „ ! o t he reflectance were; less 
in the embodiments 1-3, tne ieJ - - ^ ^ 

than ! % , even if the transmittance^ere mad^small . jrheir.^ 
differentials were less than 2 , and flat reflectance curves 
we re obtained. On the other hand, in the comparative 



5 examples 1-2, the transmittance ^ere mjdgsmall, but the 

reflectance larger than 2 %, ^differentials were 

*.k * And the reflectance curves were not flat, 
larger than 3, and tne ren ^ ^ 

^ ■ ■,v- aT -aft*»ristirrsrcan)inot be obtained. 

(And^ianti-reflection characterise- ^ 4 

it is FevealedVthat the 
in accordance with these results, it is rev j A 

10 reflectance curve becomes flat by arranging tjje coloring 
m aterial layer under the metallic f ilyuch a S/ Ag-Pd 
and the anti-reflection characteristics can be made 
preferable Pit is ^al^from the results indicated in 
Table 1 that the light resistance can ^ be made 
15 preferable by arranging the coloring material layer under 
the metallic film. The metallic film has a high 
reflectance, and reflects incident light significantly at 
a boundary plane of the metallic film. Accordingly, 
transmittance of the incident light to the f il£ at^ lower 

fu m i= decreased, and (effects to] fx 
20 layer than the metallic film is decreat, u 

the reflectance and deterioration of the coloring material 
by irradiation of ultraviolet,^ can be suppressed. The 
light resistance is increased further if ATO fine particles 

• , in tn the coloring material layer, as indicated 
are mixed into the coiori^ ^ 

25 by the embodiment 3. [Because^the ATO fine particles 

• ilTC^v and the light resistance can be 
absorb ultraviolet^ .rayj, ana tne x y 

^proved by not only ATO. but also anymaterial H which is 
transparent and absorbs ultraviolet^ay). For instance, 
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ZnO, ITO, Ti0 2 , carbon, and the like are materials 

corresponding to the above material . Their effects could 

be confirmed by forming film^fwith, mixing^tually! these 

materials. However, as carbon is not transparent, its^ 

5 content must be suppressed as much as; not It o effect itij^ 

,.' }% j //»'• '- • ' •' 
transmittanca. 

in accordance with the embodiments 2 and 3 , the film 
strength is increased more than that of the embodiment 1, 
and the amounts of bleeding are decreased. In a case {when] - 
10 organic resin is added, the film becomes dense even in a 
dried condition, and the amount of bleeding is decreased. 
When treated at 160 °C , the adhesion force of the film is 
increased, because the resin is/\hermosetting resin, and } 
as Vthej^result, ^strength of the film is increased. In 
15 accordance with the embodiment 1, th ^ Si0 > film and the 
Ag-Pd film are adheredfeach other^but^ metal and^lhe Si0 2 
f il^,have(no%desirable wettability;each other f/ (and readily;, 

^ ^i-si^r-o on the oth^r hand, in accordance 

pausej contact failure^, on ine oun~±. uau^, 

with the embodiment 2, wherein an organic resin is added, 
20 /generating thejcontact failure can be prevented, because 
a resin which is used for adhesion of metal and glass is 
added. A resin )S uch as/acrylic resin, epoxy resin, 
phenolic resin, and the like ) could be ^Jjphe^n, 
and their advantagesj^ould] be confirmed by (preparing] the 

25 film &ctuallyj. 

in accordance with the embodiment 2 , wherein ATO was 



added, (the) bleeding,. was prevented by adsorbing the 
coloring material with fine particles of the oxide. 
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Furthermore^ the addition of fine particles^ is apt to'bej 
,thought)that the film strength is decreased, but actually, 
advantages as a filler are generated by optimizing the size 
and additive amount of the fine particles, and the film 
5 strength can be improved by (relaxing/ internal stress of 
the film and preventing crack generation. 

As explained above, (the) wavelength selective 
absorption characteristics can be added without lowering 
the reflection preventing characteristics by arranging 
10 the coloring material layer (at a layer] under the metallic 
film. And, it was revealed that the mechanical strength 
of the film could be improved by adding/organic resin and 
fine particles to the coloring material layer. 
Furthermore, it was revealed that deterioration of the 
15 coloring material by ultraviolet (rayjjcould be prevented 
by arranging the coloring material £t a lave ij j^^J^^L 
metallic film, because the external light (reached^the 
coloring material after being weakened by the metallic film. 
Conventionally, if a material having no light resistance^ 
such as dyes was used with a high concentration, the 
materiallwasldeteriorated by irradiation of ultraviolet 
'ilrayl from fluorescent .light. Therefore, it was difficult 
to use^(the)dyes, and^only [one means^was to use pigments. 
However, the pigments had an absorption peak broader than 

A* 

25 that of/\dyes, and the wavelength selective absorption 
characteristics iwas)jsomewhat worse than that of the dyes, 
in accordance with the result of the present embodiments 
f^uch tha%the light resistance could be improved, use of 
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the dyes was made possible instead of the pigments which 
had been used widely, and it was found that the wavelength 
selective absorption characteristics could be improved. 
Therefore, it was revealed that Braun tubes having/enhanced 
5 high contrast could be manufactured. * 

The above embodiments fare explained witfi)/ a film 
having a three layered structure, but(thejsurf ace treatment 
film having a four-layered structure (andjmorejcan be used 
within the scope of (feature of] the present invention. In 
10 tthe abovejcase, another film can be arranged between the 

high reflectance layer and the absorption film. (SomeJ<U ^ 
cases, another film can be arranged between the coloring 
material layer and the display plane. 

As explained above, in [accordance with] a high 
15 definition display apparatus having an anti-static and 
anti-reflection film jcompWdJ/by laminating oxide or 
metallic thin films, at least three layers of oxide or 
metallic films having/different reflectance; each other are 
laminated on the surface of the display device, and the 
20 laminated film is (com P 6sed>so that an absorption film 



2 C 



containing coloring material is arranged at a layer lower 
than the high reflectance film (in viewj^f rom the surface 

{j. six v\ <K 

of the display device. Owing to ;£he] thin film of low 
resistance and high refractive index/explained above, the 
surface treatment film having a wavelength selective 
absorption effect and an anti-static and an anti- 
reflection effect, and a luminous reflectance equal to or 
less than 2 %.can be formed, and a high definition display 
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apparatus havin<*high contrast ahdj safety , which can shield 
(leakj^electromagnetic waves, can be provided. 

In accordance with the present invention, a high 

^ J 
definition display apparatus ^ having A high contrast and^ 

5 safety, which can shield ^eak^electromagnetic waves, can 
be provided . 



